Twenty-eight patients had biplanar angiography performed through wedged Swan-Ganz Catheters. In only five cases were the catheter tips symmetrically placed within the vessels in both AP and lateral views. The value of performing angiography immediately after placement of a Swan-Ganz catheter is discussed.
INTRODUCTION
In critically ill patients, right ventricular function and left ventricular function have often been found to be disparate. Absolute central venous pressure (CVP) and even CVP changes may therefore be unreliable in estimating left heart fillingl.2. Consequently, the Swan-Oanz (SO) catheter has enjoyed increasing popularity in the management of such patients with myocardial dysfunction, fluid balance problems and non-cardiogenic pulmonary oedema as it allows rapid estimation of pulmonary capillary wedge pressure (PCWP) at the bedside. Shin et al. 3 showed that eccentric inflation of the balloon of a SO catheter so that its tip is directed toward a vessel wall or is lodged at a vessel bifurcation may result in erroneous pressure readings. Thus, knowledge of the position of SO catheters within the pulmonary artery (P A) would assist in the clinical evaluation of PCWP recordings. We therefore studied a series of patients who had SO catheters inserted and biplanar angiography performed. 
METHODS
We studied those patients admitted to the Intensive Care Unit, Auckland Hospital, over an 18 month period who had SG catheters inserted. The catheters were inserted using pressure tracing monitoring and once they appeared to be wedging satisfactorily, portable x-rays were taken. First, a plain anteroposterior (AP) chest x-ray was taken with the catheter unwedged. Then a second AP chest x-ray was taken with the catheter wedged, with 5 ml of radio-opaque contrast injected into the distal lumen and the x-ray taken at the end of injection. The catheter was then unwedged and flushed and then the appropriate lateral projection was taken using a second injection of 5 ml of contrast after the catheter was once again in the wedge position. Both AP and lateral x-rays were then analysed for deviation of the wedged SG catheter tip from the central axis of the pulmonary vessel toward the wall, and for catheter tips against vessel walls or against vessel bifurcations.
Catheters were wedged only long enough for • each injection of contrast and x-ray to be completed. The balloon was inflated with air on each occasion, using the minimum volume which resulted in apparent wedging, the recommended inflation volume printed on the catheter never being exceeded.
RESULTS
During the study period 45 patients had SG catheters inserted and 30 of these had biplanar angiography performed. These 30 patients had 32 biplanar angiograms performed. Four sets of angiograms were excluded from analysis as movement of the catheter caused blurring of its tip in the lateral view, making it difficult to be certain of the symmetry or otherwise of the catheter tip within the vessel. This left 28 biplanar angiograms for analysis. Of the 28 AP angiograms the SG catheter was seen to lie asymmetrically or against the side of the vessel in 17 cases ( Figure 1 ). In the lateral angiograms the catheter was asymmetric in 19 cases ( Figure 2 ). Altogether in only five of the 28 biplanar angiograms was the catheter central in both AP and lateral views ( Of the 23 cases of catheter asymmetry, the tip was asymmetrically directed in both AP and lateral x-rays in 13 cases. In six cases the catheter was found to be asymmetric in the lateral and not in the AP. Therefore the performance of lateral angiography revealed six asymmetric catheters (21.4070 of the total of 28) which would not have been evident if AP angiography alone had been performed.
In three instances angiography also revealed the presence of clinically unsuspected microembooli (Figure 3 ). In one of the cases excluded from the study, because of blurring of the tip in the lateral, the AP view showed the catheter to be wedged in an atelectactic but still perfused part of the lung (Figure 4 ). 
DISCUSSION
Although SG catheters have added considerably to the management of patients with cardiovascular instability and fluid balance problems, their use and the interpretation of the information they provide is not without difficulty. Shin et al. 3 found that when the tip of a SG catheter was directed toward a vessel wall or rested against a vessel bifurcation, incorrect values for PCWP were obtained. They also found that on occasion a damped P A wave form, a "pseudowedge", may be mistaken for the PCWP. The catheter may still be in the main P A and the pressure obtained will be either the same or slightly lower than the mean P A pressure. In their study however, at the time of x-ray, the SG catheter balloon was not inflated with air or carbon dioxide as is usual but with radio-opaque contrast medium. Using such a relatively incompressible inflating material might produce a higher percentage of asymmetrically directed catheter tips than occurs with the usual practice. In their study in which only AP x-rays were performed, of the 54 catheters placed in PA branches, 15 (36070) were asymmetric. In our study, considering only the AP angiograms, 17 (60.7070) of 28 wedged catheters were asymmetrically directed.
Other authors have also been concerned with the effect of the position of the SG catheter tip within the thorax. Roy et al. 4 and Kane et af.5 demonstrated in animal studies that the position of the catheter tip relative to the left atrium (LA) also introduced a discrepancy in measurement between PCWP and LAP, when the animals were positively ventilated with positive end expiratory pressure (PEEP). When the tip of the catheter was wedged vertically above LA so that it was in West's Zone 1 or Zone 26, then it was found that the pressures obtained followed changes in PEEP rather than LAP. This is presumably because the greater alveolar pressure than pulmonary capillary pressure in these zones during all or part of the respiratory cycle will result in capillary occlusion, so that there is no longer a continuous fluid column from LA to the tip of the SG catheter, which now responds to changing intra-alveolar pressure. The discrepancy between LAP and "wedge pressure" will be greater when LAP is low (i.e. in hypovolaemic patients) or when PEEP is high or when the combination of both exists. SG catheters which wedge at the level of LA or below therefore will more faithfully reflect LAP.
Swan 7 has given precise values of PCWP for optimal LV performance, using the zero reference point for the pressure transducer of one half the distance from the sternum to the back at the fourth interspace, with the patient horizontal. He has suggested that optimal LV performance is achieved when PCWP is between 14 and 18 mmHg. He has also suggested that excessive transudation of fluid into the extravascular pulmonary space occurs at PCWP between 20 and 30 mmHg and that pulmonary oedema is usually present at pressures between 30 and 35 mmHg. If such absolute values are to be used as the basis for specific therapeutic interventions such as fluid infusion, or the use of inotropic agents, or diuretics, then as many of these patients in the intensive care situation are likely to require IPPV and PEEP, it follows from the work of Roy et al. 4 and Kane et al. 5 that the information obtained from a lateral chest x-ray with the SG catheter wedged will have a considerable bearing on the clinician's confidence in values obtained and in apparent trends following various therapeutic manoeuvres. The procedures we have described are easy to perform at the bedside in the intensive care unit, require no specialised equipment, take little time and do not therefore delay or interfere with the treatment of a critically ill patient. Indeed from the information obtained they may considerably aid in the interpretation of PCWP. The AP film will show whether or not the catheter is truly wedged in a P A branch and not "pseudowedged" in the main P A. It will show whether the catheter is symmetric or not in this view, whether it is wedged in a vessel where microemboli are present, in an atelectactic segment, or in an area of lung subject to pressure from a surrounding pneumothorax or haemothorax.
The lateral film will also reveal catheters which are asymmetric in this view alone (in this study 21.4070 of the total) and will also give information about the vertical position of the catheter tip in relation to LA. We consider that these procedures should be performed as a routine immediately after the apparent successful placement of a SG catheter.
